Abstract. The main objective of this paper is to reduce the amount of external heat penetrating the building wall, hence reducing the cooling load requirements and eventually the electricity consumption. Expanded polystyrene and wood sawdust were chosen as filler material to reduce the thermal conductivity in perforated bricks because both are commonly found waste products with good potential due to their lightweight, low thermal conductivity and high specific heat. It was found that bricks with polystyrene recorded the lowest temperature change. Although sawdust has a much higher thermal conductivity, the temperature change is almost similar to that of polystyrene. This could be attributed by the higher density of wood, which means more mass are occupying the same volume of space. Hence, the paper found that thermal conductivity, specific heat capacity and density of the filler material can influence the effective thermal conductivity of the perforated brick.
Introduction
In most buildings, the heat from the exterior usually enters from the roof or the wall. Hence, perforated bricks are used in Middle East countries instead of solid bricks mainly to reduce the amount of heat entering the interior of a building through the wall [1, 2] . The air-containing cavity in these bricks is a better thermal insulator due to lower thermal conductivity and higher specific heat. The temperature inside the building will be better regulated and required less energy for cooling to achieve a comfortable living condition [3] . Similarly, to further enhance the effectiveness as a thermal barrier, these cavities can be filled with other materials that possess even better properties to achieve this objective. Studies on incorporating waste materials into bricks is not new as this can help to reduce the amount of waste materials disposal at the same time [4, 5] .
Polystyrene in the form of foams and expanded polystyrene are widely used in packaging due to their favorable properties and is inexpensive. Unfortunately, like many synthetic polymer, they are almost non-biodegradable due to their stable chemical structure hence can be around for decades. Due to this reason, it is important to seek effective ways to dispose them like recycling instead of ended up in landfill. Another candidate material is sawdust, prepared by grinding chipped wood into finer particles. Both materials have thermal conductivity lower than air and a higher specific heat [6, 7] . In addition, they are waste material that is not harmful and do not react chemically with the brick. Thus, it would also contribute to the environmental sustainability if the results are found to be satisfactory.
Experimental Procedure
Two perforated clay bricks used in this work were purchased. The first brick is smaller in size and has dimensions of 40(l) x 10(w) x 20(h) cm 3 with 6 cavities of same size measuring 40x5x3 cm 3 while the second brick, measuring 40(l) x 20(w) x 20(h) cm 3 , has 15 cavities of different sizes. The brick together with a heating element underneath it were wrapped with the air duct insulation, exposing only the top surface of the brick. The experiment was conducted in an air conditioned environment so that the temperature on the top surface of the brick remained consistently lower than the base. All these are to ensure that heat is transferred in a single direction -from bottom to top with minimum losses from the sides. The temperature of two different locations were measured using thermocouple, one immediately on top of the heating element and the other in middle cavity along the top row, as close as possible to the top (Fig. 1) . Both bricks were subjected to heating at 60°C for 30 minutes after which the heating element was removed and the cooling profile is monitored for the next 30 minutes. The effective thermal conductivity of the brick, k was determined according to the Eq. 1:
where L is the distance of the thermocouples, A is the area of the heat transferred, ∆T is the temperature difference and Q is the rate of heat transfer which is equivalent to the power supplied to the heating element (8.9 W).
The experiment was conducted to compare the performance of the brick 1) having different cavities and 2) with different filler material for cavities -air, sawdust and expanded polystyrene. Polystyrene and sawdust were chosen because of the high specific heat, low thermal conductivity, lightweight and availability [6, 7] .
Results and Discussion
Temperature measurement at the two thermocouples were taken at every five minutes interval for both heating and cooling process. Fig. 2 and Fig. 3 illustrate the temperature change after steady state condition was achieved in the 6-and 15-cavities bricks. The dotted lines indicate the point where the heating element was removed and the brick began to cool.
When comparing the effect of the number of cavities, it was observed that the brick having more cavities resulted in a lower temperature increase. The reason can be due to a higher portion of the clay is being replaced by air which has a lower thermal conductivity, evidenced by its lower density [7] .
Comparison between the cavity filler materials shows that bricks filled with polystyrene resulted in the lowest temperature change while highest temperature change is when the cavities are filled with air. Although both polystyrene and air has similar thermal conductivity, the heat capacity of polystyrene is higher which means more heat is required to increase the temperature by the same quantum [6] . Hence, the temperature difference is less. (Since the total volume of the cavity is fixed, the heat capacity is be determined using the product of the specific heat capacity and density of the material). When sawdust was used as filler material for the cavities, it was found that the performance was comparable to the data from polystyrene even though wood has a much higher thermal conductivity. The explanation for this could be due to the higher density of wood. A denser material translates to a larger mass occupying the same volume of space. Since specific heat capacity is a function of mass, a larger mass would mean a higher heat capacity which in turn means a lower temperature difference.
The total thermal resistance of the bricks having different filler material, ΣR is obtained from equation (2), a derivation of Fourier's equation and is summarized in Table 1 :
where Q is the rate of heat transfer and ∆T is the temperature difference in the two thermocouples.
At the end of the cooling process, the 6-cativies brick with air recorded the highest temperature difference of 1.5 o C while the 15-cavities brick using polystyrene only has a 0.2 o C difference. This indicates that by using polystyrene or sawdust as filler material, the temperature of the brick is much more regulated compared to the other materials studied. When the temperature of the brick is more regulated, the interior environment will be more comfortable because the brick radiates out the heat that it has absorbed. If the amount of heat in the brick is high, it would take a longer time to cool down. When this occurs, then the interior of the building would remain warmer for an extended period, which is not desirable.
Conclusion
From the work, it can be concluded that waste material like wood and expanded polystyrene are effective cavity filler material in perforated bricks. The thermal resistance of the brick when filled with these materials are found to the highest. When the temperature difference is smaller, this translates into a slight change in the interior temperature even when exposed to a high temperature of 60 o C which was never been recorded. And because, construction of buildings are ever increasing, filling up the cavities of the brick may be a solution in reducing waste disposal, especially those that requires a long time to decompose but does not possess any harm to the residents of the building. However, a larger model and a longer exposure time is required to demonstrate the actual performance of these bricks.
